This paper has presented a mathematical-based scheme for induction motor drive system leading to efficiency optimization. The proposed scheme uses information on torque of the squirrel cage motor to generate the appropriate voltage amplitude that maximizes the motor efficiency. A constantV/f efficiency controller model has been configured and built depending on a set of experimental data, based on the motor equivalent circuit, using Matlab computer program. The model was validated by simulation using a typical induction motor drive model implemented with Matlab/Simulink.
INTRODUCTION
The importance of energy saving techniques implementation in industry can be pointed out from two points of view: 1-It is well known that more than 60 % of total generated electrical energy is consumed by electric motors in industry. Therefore, motor energy saving solutions by increasing its efficiency has received considerable attention during the last three decades due to the increase in energy cost [1] & [2] .
2-Three-phase asynchronous motors, especially the squirrel cage type are widely used in industrial electric drives and are responsible for most of energy consumed by electric motors in industry [3] & [4] .
Energy saving can be achieved by following means of electric drive system loss reduction:
A-Electric motor selection and design. B-Improvement of power supply parameters. C-Utilizing a suitable optimal control technique.
Motor operation under rated conditions is highly efficient [5] , however, in many applications, when induction motor works at variable speed it has more losses and less efficiency, so it operates far from the rated point [6] .
Under these circumstances, it is not possible to improve the motor efficiency by motor design or by supply waveform shaping technique. Therefore, a suitable control algorithm that minimizes the motor losses will rather take place [7] - [9] .
The need of efficient drive system could be achieved by special controllers that not only modify the losses and efficiency, but also searching for the optimal efficiency to reduce the power consumption from the source [10] - [13] .
In this paper will be designed an optimal efficiency Controller, which will minimize the motor losses under different loading conditions, by varying stator voltage and frequency as a function of motor load torque, depending on industrial machinery type.
AC Drive System Components
The block diagram of voltage source inverter-three-phase squirrel cage induction motor drive system is presented in Figure 1 . It consists of three-phase squirrel cage induction motor, IGBT-voltage source inverter-based AC-to-AC converter, and optimal controller [10] . In order to analyze the system performance, all of these components should be modeled [14] & [15] . 
Squirrel Cage Induction Motor
AC drive systems are used worldwide in many residential, commercial, industrial, and utility applications. Electric motors transform electrical energy into mechanical energy. An AC motor may be part of pump or fan, or connected to some other form of mechanical equipment such as a winder, conveyor, or mixer.
Per-Phase Equivalent Circuit of Induction Motor
Theper-phaseequivalent circuit of induction motor is shown on figure 2 [16] .
Where: 
Power Flow Diagram of Induction Motor
The Power flow diagram of induction motor is shown on figure 3 [17] .
Fig 3: Power flow diagram of induction motor
The power flow diagram components are:
Input power is given by:
Stator copper losses are given by: 
The torque-speed characteristic of the induction motor is described by:
Parameters of Induction Motor
The rated values and parameters for 3-phase induction motor squirrel cage type are given in table 1.
Table1. Parameters of three-phase squirrel cage induction motor

Number of Poles 4
Rated Output Power 
Optimal Controller
The optimal control system is a closed loop system, used to drive or control processes and keep the variables in these processes at optimal values in spite of the influences that affect it. The optimal control system is also a programmed controller and has the ability to adaptive searching for the optimal values of the variables when the changes affect the process.
There are several optimal control techniques, used to optimize AC drive system, some of these techniques are [18] The electric motor efficiency represents the machine behavior during the electric power conversion into mechanical power, and defined as [21] :
The total losses (  P )comprises of copper losses in stator and rotor, iron losses due to eddy current and hysteresis, stray losses arise on the copper and iron of the motor, friction losses and finally converter loses due to the resistance offered by the solid state switches. Power output is the product of shaft load and its speed.
Modeling of AC Drive System Using Matlab Simulink Toolbox
3.1.1Modeling of Optimal Controller
The inverter-based AC-to-AC Converter is considered an ideal system, where the DC voltage at the input of the inverter has no AC component, and the output voltage of the filter at the output of the inverter has no harmonics (just the fundamental wave is considered).
The ratio of the amplitude of the sinusoidal waveform to the amplitude of the triangular waveform is called the modulation index (Ma). The modulation index is in the range of (0 to 1). The relationship between the modulation index and the RMS value of the phase voltage waveform is [14] : 
Modeling of Induction Motor Total Losses
The induction motor total losses (  P ) can be calculated by: (4), (5), (6), (7) and (8) 
Optimal Efficiency Controller at Different Frequencies Design
Curve Fitting method is used to build the optimal efficiency controller's equation that computes the modulation index. The modulation index controls the value of applied stator voltage to satisfy maximum efficiency at any value of load torque.
By using Curve Fitting Toolbox, controller's equation was derived from the following data set, given in table 2, which represent values of variant loads with the optimal voltage's values;these values satisfythe maximum efficiency. Figure 6 shows the optimal efficiency controller model at different frequencies using automaticswitch.
Optimized AC Drive System Model
The optimized drive system model consists of the following blocks:
1-AC squirrel cage induction motor model. Figure 14 represents real time steady-state efficiency relationship under constant load torque at different frequencies. 
Discussions and Conclusions
The proposed technique can be implemented on AC drive systems equipped with load torque sensor and for which the steady state speed-torque characteristics are known.
The advantages that can be gained with the proposed efficiency optimization algorithm are tremendous, and energy savings can be achieved with a high percentage.
Studying and analyzing the above shown figures of simulation results, we can conclude that: 1-Implementation of constant V/f optimal efficiency has improved the efficiency of optimized drive system, in comparison with the efficiency of open loop drive system working at different frequencies and load torques. 2-Tangible improvement of drive system efficiency is noticed at light load torques. 3-Efficiency improvement range becomes less, when decreasing applied frequency.
